GM1 specifically interacts with alpha-synuclein and inhibits fibrillation.
The aggregation of alpha-synuclein is believed to be a key step in the etiology of Parkinson's disease. Alpha-synuclein is found in the cytosol and is associated with membranes in the presynaptic region of neurons and has recently been reported to be associated with lipid rafts and caveolae. We examined the interactions between several brain sphingolipids and alpha-synuclein and found that alpha-synuclein specifically binds to ganglioside GM1-containing small unilamellar vesicles (SUVs). This results in the induction of substantial alpha-helical structure and inhibition or elimination of alpha-synuclein fibril formation, depending on the amount of GM1 present. SUVs containing total brain gangliosides, gangliosides GM2 or GM3, or asialo-GM1 had weak inhibitory effects on alpha-synuclein fibrillation and induced some alpha-helical structure, while all other sphingolipids studied showed negligible interaction with alpha-synuclein. alpha-Synuclein binding to GM1-containing SUVs was accompanied by formation of oligomers of alpha-synuclein. The familial mutant A53T alpha-synuclein interacted with GM1-containing SUVs in an analogous manner to wild type, whereas the A30P mutant showed minimal interaction. This is the first detailed report showing a direct association between GM1 and alpha-synuclein, which is attributed to specific interaction between helical alpha-synuclein and both the sialic acid and carbohydrate moieties of GM1. The recruitment of alpha-synuclein by GM1 to caveolae and lipid raft regions in membranes could explain alpha-synuclein's localization to presynaptic membranes and raises the possibility that perturbation of GM1/raft association could induce changes in alpha-synuclein that contribute to the pathogenesis of PD.